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STATEMENT OF PROBLEM:

The objectives of this research were a) to obtain the exp_er‘i;ental data
and develop the techniques required to predict the role of electron impact
induced dissociation of molecules in electrical discharges such as high-power
diffuse discharge switches, and b) to develop improved models of transient
discharges in high pressure gases.

RESULTS:

The results obtained under this project between January 1, 1981 and
SEPT; . . .
Juse 30, 1984 can be conviently divided into a) the experimental determimation
of coefficients for the dissociation of molecules in electrical discharges,

b) the development of improved techniques for the prediction of the role of

electron induced processes such as dissociation and ionization in discharges,

and ¢) the development of models of high pressure discharges.

(a) Experimental measurement of molecular dissociationm.
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We have developed and applied an improved discharge technique for the
measurement of the dissociation coefficients for molecules by moderate energy
electrons. In order to measure the density of atoms in the same volume as i
that in which they are produced, we messure the relative atom density and the *
time constant for loss of atoms using the atomic resonance absorption method. -—--1

These measurements are made absolute by comparing the absorption by atoms

produced by electron impact with the absorption by atoms produced with a known
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efficiency by argon metastables. The metastable density is determined by e

]

measurements of absorption in the near infrared using lines of measured
spectral width.
The experimental results obtained with Hy-Ar mixtures have been analyzed

to obtain coefficients for electron induced dissociation of the Hz and for
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metastable excitation and ionization of the Ar. At the higher tlél. the
ionization coefficients are in good agreement with predictionn:of our
Boltsmann code. Our metastable excitation coefficients are much lower than
expected on the basis of published values for pure Ar, but scale
satisfactorily with recent unpublished data by Tachibans. The derived total
Hy diasociation coefficients are consistent with the lower metastable
production rates. These results will be used to anmalyze our data for electron
induced dissociation in pure Hj discharges. Attempts to apply this technique
to O2-Ar discharges in order to obtain dissociation coefficients for 07 have
been unsuccessful thus far because of the difficulties in operating the pulsed
discharge in 03.

() Prediction of electron transport and reaction coefficients.

In order to analyze the results of the measurements of the coefficients
for dissociation of molecules such as Hy and 02 and to use these results to
pr;dict the behavior of electrons in gases such as air, one must have reliable
techniques available for solution of the Boltzmann equation for electroms.
Accordingly, we have been investigating the accuracy of techniques for
solution of this equation. Firstly, we examined the effects of including the
two electrons produced by ionization on calculated electron energy
distributions and transport coefficients. We found that as the electric to
gas density ratio E/n was increased it was necessary to use increasingly
sccurate descriptions of the distribution in energy of the secondary

electrons. More recently, we investigated the effects of including

anisotropic electron scattering on calculated electron energy distributions

and transport coefficients. We find that the effects of an isotropic
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scattering are small for low E/n provided that the momentum transfer cross :E;i
}
1

DN S




N NI N N Wl E A AN N O A A A TR S e A A G T TR OME SO R iR AU IS A SEET DRSS A TR AT T
et et tes N S AR -

\ section is used for elastic scattering. At E/n above 500 x 1021 v n2
! anisotropic scattering effects become noticeable, but are less i-ﬁo'rtant than

proper allowance for anisotropy in the electron energy distribution. We have
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also derived an effective cross section for the resonant rotational excitation
of Ny uhichiio able to reproduce the Russian data on rapid heating of N3 in
electron beam excitedN;,

(c) Models of high pressure, transient discharges.

The portion of this research carried out under ARO support was concerned
with the development of simplified techniques for the modeling of the role of
highly excited atoms in high pressure discharges. In particular, we have
formulated a simplified model of the rates of ionization and recombination of
highly excited atoms which includes the effects of both electron and neutral

particle collisions with high excited atoms. The results of this model are in

a form appropriate for inclusion in a hydrodynamic model of the time
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development of constricted discharges. Beginning on January 1, 1983 this

research was transferred to AFOSR support.







